Introduction
Voice outcome can be measured by means of several voice evaluation methods. Imaging techniques, perceptual ratings and acoustical and aerodynamic analyses are possible outcome measures. A multidimensional voice analysis protocol is recommended for monitoring voice intervention and for research purposes, including a struc-tured questionnaire on voice problems in daily life [1, 2] . Validated questionnaires on voice problems in daily life include the 30-item Voice Handicap Index (VHI) [3] and the shortened VHI-10 [4] , a 5-item list for screening purposes [5] , the 28-item Voice Activity and Participation Profile [6] , the 10-item Voice-Related Quality of Life Questionnaire [7] and the Voice Outcome Survey [8] . Franic et al. [9] compared the psychometric properties of 4 voice-related quality of life instruments: the VHI, Voice Activity and Participation Profile, Voice-Related Quality of Life Questionnaire and Voice Outcome Survey. These instruments were evaluated on 11 measurement standards related to item information, versatility, practicability, breadth and depth, reliability, validity and responsiveness. The VHI met 7 of 11 criteria and the results of that study supported the use of VHI total scores for clinical application with individual patients.
The VHI is currently the most widely used questionnaire and has been translated and validated in several languages including Dutch, Flemish Dutch, French, German, Italian, Portuguese and Swedish. When these various versions of the VHI are applied in cross-national comparisons, accurate translations are needed in order to obtain valid results. The standard procedures for the translation process have been followed for these mentioned non-US-English language versions including a number of parallel translations, review of the translations leading to a consensus version, backward translations, comparison with the original American version and pilot testing of the translation. Besides literal translation, some European versions have also been adapted into a culturally relevant form. For example, 2 different versions for Dutch have been developed: 'Dutch' and 'Flemish Dutch' with minor adaptations for the Netherlands and Belgium, respectively. Therefore, it is useful to examine the equivalence of various translations and the original American VHI. The purpose of this study is assessing the equivalence of the various European and original American VHI versions. The study will also provide information regarding voice problems in the daily life of patients with various types of voice lesion.
Patients and Methods

Voice Handicap Index
The VHI is a validated questionnaire measuring voice problems in daily life [3] . It consists of 30 items with 5 response levels, scored 0-4. Summarizing the scores on the 30 items leads to a total VHI score, ranging from 0 to 120. A higher score corresponds to a higher degree of patient-based vocal handicap. Next to the total VHI score, 3 subscales are identified with 10 items each: the physical (P items), functional (F items) and emotional (E items) subscales.
The VHI has been translated and validated into several languages, including Dutch, Flemish Dutch, French, German, Italian, Portuguese and Swedish. The present study reports on the results of a European project that was initiated at the PEVOC 5 conference in Graz. In past few years this project group has managed to build up a European database on the VHI with the purpose of comparing various translations of the VHI.
Patients
VHI questionnaires were gathered from 1,281 subjects and all data were sent to the central database manager in a de-identified fashion (age, gender and voice lesion category were provided only together with the scores on all VHI items). A unique identifier was assigned to each subject to protect the subject's identity. All VHI questionnaires were collected from patients at baseline (i.e. before logopedic, surgical or medical voice treatment).
Patients with incomplete response [56 patients (4%)] were excluded from further analyses, leaving a cohort of 1,225 patients. They were classified into 11 voice lesion categories: functional dysphonia (234 patients), vocal fold nodules (131), structural voice lesions (polyps, cysts, edema; 448), vocal fold paresis (137), vocal fold cancer (47), spasmodic dysphonia (52), reflux laryngitis (102), psychogenic voice disorder (13), mutation falsetto voice (5), gender dysphonia (5) and voice problems due to Parkinson's disease (39); from 12 patients the voice disorder could not be traced. Because of small numbers and/or a specific voice category, patients with cancer (mostly from the Netherlands), spasmodic dysphonia (mostly from the UK and the Netherlands), Parkinson (all from Italy), psychogenic voice disorder, mutation falsetto voice and gender dysphonia and patients of whom the voice lesion could not be traced were left out of the analyses. The cohort used for further psychometric evaluation consisted of 1,052 patients from 8 countries. In total, the median age was 45 years (range = 12-86); there were 475 males (46%) and 570 (54%) females. An overview is given in table 1 . The data in the present retrospective study originate from several national scientific investigations using the VHI in various voice pathology groups. Therefore, the pathology distribution differs between countries.
Statistical Analyses
The internal consistency of the VHI was assessed by Cronbach's ␣ . Measurement equivalence was evaluated by means of multiple group confirmatory factor analysis. In confirmatory factor analysis, known factors are tested. In the present study, these are the total VHI, and the 3 physical, functional and emotional subscales as published by Jacobson et al. [3] . The software program LISREL (SSI Scientific Software International, Inc.) for structural equation modeling was used, both across countries and diagnostic categories. Four models were tested: (A) 1-dimensional VHI, (B) 3-dimensional VHI with an orthogonal structure, (C) 3-dimensional VHI with a fixed structure (in which fixed refers to the mean correlation values between the 3 dimensions as found in the present database), and (D) 3-dimensional VHI with a free structure. These 4 models were compared by means of their 2 values and associated degrees of freedom. The models were considered different if these values indicated substantial improvement of fit. Using the usual significance levels has to be consid-ered less informative, since fit values are extremely elevated at very high levels of degrees of freedom. As a guideline the criterion was used that the relative decrease in 2 (gain) should at least exceed the relative decrease in degrees of freedom (cost). Pearson's correlation coefficients were used to obtain more insight into intercorrelations between the subscales.
Results
Internal Consistency
The internal consistency of the 30 items of the VHI proved to be good, with Cronbach's ␣ ranging from 0.91 to 0.97 for the various VHI versions. Cronbach's ␣ of the total cohort was 0.95. Cronbach's ␣ of the physical subscale was 0.87, of the functional subscale 0.88 and of the emotional subscale 0.89.
Confirmatory Factor Analysis
Confirmatory factor analysis was used to compare the 4 models across countries and diagnostic categories.
Regarding country, the goodness of fit statistics of the 1-factor model without any correlated error terms revealed a moderate fit to the data ( 2 = 10,451, d.f. = 3,660). A three-factor orthogonal measurement model had a significantly worse fit to the data ( 2 = 11,388, d.f. = 3,663). The 3-factor fixed structure model revealed a better fit ( 2 = 9,446, d.f. = 3,657), indicating a gain of 9.6% over a cost of 0.08%. Further fitting of the 3-factor free model revealed improvement (gain 1.5%) but at a high cost (1.1%) 
Intercorrelations
Substantial intercorrelations between the 3 subscales were found varying across country ( table 2 ) and diagnostic category ( table 3 ) .
To provide information on how patients from various countries and patients suffering from various voice disorders encounter voice problems in daily life, a bar chart of the VHI subscale scores regarding country is shown in figure 1 and regarding voice lesion category in figure 2 .
Regarding country, all 3 subscales were very highly intercorrelated ( 1 0.90) in the USA. The functional and emotional subscales were highly intercorrelated in Flanders, Sweden and Germany. Figure 1 shows a bar chart of the VHI subscale scores regarding country. With the exception of the USA, the physical subscale is scored highest in all other countries. In most countries, little difference was found between the functional and emotional subscale scores.
Regarding voice disorder category, no high ( 1 0.90) intercorrelations were found between the physical and functional subscales, nor between the physical and emotional ones. The functional and emotional subscales were highly intercorrelated in patients with structural voice disorder and vocal dysfunction. Figure 2 shows a bar chart of the VHI subscale scores regarding voice lesion category (all categories are shown here, including those that were excluded from statistical analyses due to small numbers). Again, the physical VHI subscale is scored highest, followed by the functional and emotional subscales, except in gender dysphonia. Patients suffering from vocal fold paresis, spasmodic dysphonia, psychogenic voice disorder, mutation falsetto voice and gender dysphonia have higher VHI scores compared to patients suffering from vocal dysfunction, vocal nodules, structural lesions, laryngitis or laryngeal cancer.
Conclusion
The primary aim of this study was to assess the equivalence of the various translated versions of the VHI. Based on the confirmatory factor analyses of the total Bar chart of the mean total VHI score and the emotional, functional, and physical subscales regarding all voice disorder categories, including those that were excluded from the statistical analyses (cancer, spasmodic dysphonia, Parkinson, psychogenic, mutation falsetto and gender dysphonia). VHI and the 3 physical, functional and emotional subscales, it can be concluded that a 3-dimensional model provides a better fit of the data than a 1-dimensional model. However, all 3 subscales were highly intercorrelated, especially so in the US data. This may lead to the conclusion that the total VHI score can also be used to assess the impact of voice problems in daily life. To obtain insight into how the VHI is used in research projects, we performed a global inspection of peer-reviewed papers as retrieved through Pubmed in the first 4 months of 2006 (search term: Voice Handicap Index). This inspection also revealed a 2-fold application of the VHI: among 13 studies, 4 reported results on the total VHI score), and 9 studies reported results on the subscales. Cohen et al. [10] published a meta-analysis on studies up to 2004 and reported on the total VHI score; it is not clear whether the subscale data were not available or not included in the meta-analysis. Bogaardt et al. [11] proposed a 2-dimensional VHI structure based on Rasch analysis; however, in Rasch analysis the VHI 5-level response scale is reduced to a dichotomous scale with 2 response levels, which leads to a loss of information. In the first 4 months of 2006, 1 study reported on the VHI-10. The VHI-10 was developed based on the idea that a shorter questionnaire would be more feasible in clinical practice [4] . That study revealed a 1-dimensional structure underlying the VHI, justifying the application of a short 1-dimensional VHI-10. However, the study was performed on data of the same institute in Pittsburgh that contributed data to the present study. The question arises whether these somewhat different findings regarding the subscale intercorrelations between the USA and Europe are due to cultural factors or differences in patient mix. From a cultural point of view, an example is the item on loss of income due to a voice problem. In the USA this appears to be an important issue (this item was also included in the VHI-10) but not in some of the European countries. For instance in the Netherlands, this item is not an issue for over 90% of the patients. This difference may be explained by the good social-economic security system in the Netherlands. Future research involving more databases from the USA may provide insight. Another explanation for the minor differences regarding subscale intercorrelations between the countries may be the different group proportions and characteristics of the patient cohorts provided by the various countries. Although a large database including more than 1,000 patients was used in the present study, the proportion of lesion categories was not optimally balanced. For instance, the data of France consisted of patients with vocal fold nodules only. Also, in the present study data were not corrected for other aspects that may influence voice-related problems in daily life such as age, gender, duration of symptoms or occupation.
A secondary aim of this study was to provide information regarding the extent of voice problems in the daily life of patients with various voice disorders. The physical VHI subscale was most often scored highest, followed by the functional and emotional subscales. Patients suffering from spasmodic dysphonia, vocal fold paresis, psychogenic voice disorder, mutation falsetto voice and gender dysphonia appeared to have higher VHI scores compared to patients suffering from vocal dysfunction, vocal nodules, structural lesions, laryngitis, laryngeal cancer or Parkinson. In a meta-analysis, Cohen et al. [10] compared the VHI scores of 2 groups of patients: patients with neurologically based diseases (such as spasmodic dysphonia, vocal fold paralysis and other neurological voice disorders as Parkinson), and patients with inflammatory or traumatically induced voice disorders (like polyps, cysts, edema, nodules or reflux laryngitis). Their meta-analysis revealed that patients with inflammatory or traumatically induced voice disorders have significantly lower VHI scores compared to the neurological group, especially the patients with spasmodic dysphonia, which is consistent with the results shown in the present paper. Their finding that patients with Parkinson's disease encounter the severest voice problems in daily life was not confirmed.
The US VHI and the various non-US-English European translations appeared to be equivalent, which means that the results from studies from the various included languages are comparable. The underlying structure of the VHI was also equivalent regarding various voice disorders, but distinct groups were recognized with respect to the height of the VHI scores, indicating that the various voice disorders lead to a diversity of voice problems in daily life.
